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FYI with attachments.
Zach Hedgpeth, PE
206-553-1217
Pronouns: he/him/his
From: WESTERSUND Joe * DEQ <Joe.WESTERSUND@state.or.us> 
Sent: Wednesday, March 17, 2021 4:58 PM
To: Hedgpeth, Zach <Hedgpeth.Zach@epa.gov>
Cc: ORMAN Michael * DEQ <Michael.ORMAN@state.or.us>; WEST Walt * DEQ
<Walt.WEST@state.or.us>
Subject: cost analysis for SCR on natural gas compressor station turbine
Hi Zach,
We recently received some new cost analysis information from Gas Transmission NW. They have
two natural gas compressor stations in Oregon that are part of the 4FA process, and for which we’d
identified SCR as potentially cost effective. This is a cost estimate based on a vendor quote for one of
those (turbine 12-B).
A question I had for you- do you have any comments about this cost estimate? I’m looking especially
at the direct and indirect annual costs and whether those are higher than what’s reasonable.
Thank you for any comments you have time to offer. Our next meeting with the company is next
Thursday (3/25), so comments would be most helpful to us if received by next Wednesday.
-Joe
______________________________________
Joe Westersund
Environmental Engineer, Air Program Operations
Oregon Department of Environmental Quality
700 NE Multnomah Street, Suite #600
Portland, OR 97232
(503) 229-6403 office
westersund.joe@deq.state.or.us
pronouns: he / him / his
Usual Schedule: 8am - 5pm, M-F

From: ORMAN Michael * DEQ <michael.orman@deq.state.or.us> 
Sent: Wednesday, March 17, 2021 8:34 AM
To: WESTERSUND Joe * DEQ <joe.westersund@deq.state.or.us>
Subject: FW: Regional Haze - GTN

From: Melinda Holdsworth <melinda_holdsworth@tcenergy.com> 
Sent: Monday, March 15, 2021 11:39 AM
To: ORMAN Michael * DEQ <michael.orman@deq.state.or.us>
Cc: Ruth Jensen <ruth_jensen@tcenergy.com>; Jim McCarthy - IES (jamesmccarthy@comcast.net)
<jamesmccarthy@comcast.net>
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MEMORANDUM 


 


Date: March 9, 2021 


 


To:  Melinda Holdsworth, GTN   


 


From: Jim McCarthy, Innovative Environmental Solutions, Inc. 


 


Re: Review of SCR control efficiency for turbines and engines at compressor stations 


In the February 23, 2021 web meeting between GTN and ODEQ staff, SCR performance (i.e., 


NOx reduction) was discussed for application to natural gas compressor drivers.  The GTN four-


factor analysis assumed 75% reduction (based on real-world performance for compressor station 


installations), but ODEQ indicated that 90% reduction was assumed in their review of the GTN 


submittal.  ODEQ asked for information supporting a performance level of less than 90%.   


 


As we have noted in two calls with ODEQ, there are limited SCR applications on turbines or 


engines that drive natural gas compressors at interstate natural gas transmission compressor 


stations.  However, through review of permits / applications and discussion with operators, it is 


evident that 90% reduction is not typical for compressor station applications. A summary of SCR 


control efficiency from permits, permit applications, and/or related vendor quotes follows for 


several sites across the U.S.  In addition. the control efficiency target in the SCR quote recently 


received by GTN is briefly discussed.  The first four listed are new installations.  The Southern 


California Gas Company example is the only retrofit example. 


 Dominion transmission Loudon VA compressor station Caterpillar reciprocating engines – 


70% NOx reduction. 


 Dominion (proposed / permit application) eastern U.S. compressor stations for new pipeline.  


Solar turbines – 70% (or lower) NOx reduction in specification sheet from SCR vendor. 


 Fayetteville Express Pipeline (joint venture in AR) compressor station Caterpillar 


reciprocating engines – 80% reduction 


 National Fuel Gas Supply Corporation Ellisburg NY compressor station Caterpillar 


reciprocating engines – 70% reduction 


­ At this site, post-commissioning upgrades / re-engineering of the reagent control system 


was required to meet emission targets. 


 Southern California Gas Company Wheeler Ridge compressor station SCR installation on 


Solar turbine compressor drivers required significant re-engineering, upgrades (e.g., 


changing out the catalyst, performance testing at higher temperature for simple cycle 


turbines), and ultimately a multi-year “re-commissioning” and SCR development program. 


­ 27 “variances” were required from the local APCD to address operational issues.  


­ Final emission limits for NOx were increased, averaged over a longer time period, and 


included different NOx limits for stable operation and load changes. 


­ Ammonia slip limit increased to 20 ppmv. 
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 The GTN Station 12 (Unit 12B) March 2021 vendor quote assumes 90% reduction.  Full 


product warranty terms are not disclosed in the quote.  However, limited warranty 


information in the quote includes the following example of a restrictive (and infeasible) 


operating condition: 


“Throughout the Warranty Period, AeriNOx warrants that the Product will achieve the 


emissions levels set forth in the accepted AeriNOx Agreement, subject to the following 


conditions: 


… 


e) the Customer operates the equipment so as to eliminate any Oxides of Nitrogen 


(NOx), Carbon Monoxide (CO) and Total Hydrocarbons (THC) fluctuations greater 


than one (1%) respectively of the engine-out emissions stated in the engine 


performance data; …” 


Such a limitation in emissions variability (+1%) is not possible for combustion systems, and 


load changes (and associated emission changes) for pipeline compressors responding to 


natural gas demand will result in broader fluctuations than for a base-load unit (such as 


electric generating unit).  Performance lower than 90% is evident based on this quote. 


 


Changing load and more frequent starts and stops will contribute to poorer SCR performance, 


and possibly cause other system challenges due to issues such as thermal cycling.  To 


demonstrate operational characteristics (e.g., frequent starts and stops) that may challenge SCR 


performance, data were reviewed.  Similar trends occurred for units 12A, 12B, 13C and 13D, 


(e.g., many startups and shutdowns, 16 – 40% of starts were less than two hours each of the four 


units), and 12A data is illustrative. For the 2020 calendar year, Unit 12A: 


 Ran on 140 days, with total operation of 2,445 hours or 27.9%. 


 Had 167 starts and stops within those 140 days. 


 Although the average run time was over 14 hours, over 40% of the starts resulted in a run 


time of less than 5 hours; 16% were less than 2 hours. 


 


This illustrates that for many units at compressor stations, operations are characterized by limited 


use relative to the maximum allowable operating hours, frequent starts and stops, and relatively 


short run times on many occasions.  That operating profile is more demanding than a base loaded 


unit when considering SCR performance. 


 


These examples and background from compressor station SCR review consistently cite SCR 


control efficiency less than 90%.  The recent quote received by GTN assumes 90% reduction, 


but includes operating / emission requirements (i.e., less than 1% change in inlet emission levels) 


that are impractical.  The target reduction of 75% (or 80% maximum) presented in the GTN four 


factor analysis is warranted for the cost effectiveness analysis. 
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Gas Transmission Northwest 


Compressor Station No. 12 


Unit 12B Cost Effectiveness Calculation Update Based on Vendor Cost Quote 


 


Based on recent discussions with DEQ, support documentation regarding SCR performance, and 


a cost quote for Station 12, Unit 12B, an updated cost effectiveness calculation spreadsheet 


follows.  Notes regarding the analysis and changes from the 2020 submittal follow: 


 Vendor cost quote is attached.  In the two-week period between the February and March web 


meetings with DEQ, the vendor was able to provide a quote for one unit:  12B 


 Changes to the previous submittal are highlighted in yellow in the Excel sheet / table below. 


 Capital costs (including related costs in adjacent rows) were marginally increased based on 


the vendor quote.  The vendor provided a cost range, and the upper end applies because 


“tempering air” system is needed to ensure the exhaust temperature at the catalyst inlet is less 


than the design maximum.  For simple cycle turbines, higher exhaust temperature requires 


this system.   


 Aqueous ammonia reagent cost updated based on vendor quote of hourly feed rate (i.e., 7.7 


gallons per hour of 19% aqueous ammonia), assumed operating hours, and reagent cost of 


$1.05 per gallon. 


­ Aqueous ammonia cost per gallon from cost quote (attached) for delivery to site with 


8,000 gallon tank.  Fuel surcharge varies; costs provided ($1.012 per gallon) rounded up 


to $1.05 per gallon to include an estimate of fuel surcharge.   


 Annual maintenance materials costs marginally increased based on vendor quote.  (Note that 


additional review is continuing regarding potentially larger annual maintenance (labor) costs 


based on users’ experience.) 


 In response to DEQ questions, an IES memo documents examples of SCR NOx reduction 


performance for SCR application to natural gas transmission compressor drivers.  That memo 


supports the assumption in the GTN 2020 four factor analysis that assumed 75% reduction 


(or even 70% reduction) for units 12A, 12B, 13C, and 13D. 


 Updated cost-effectiveness value is $12,676 per ton, assuming PSEL based on 8,760 


operating hours.  Additional examples assuming other operating hours or utilization: 


­ Same as above with DEQ assumption of 90% control:  $10,563 per ton 


­ 80% control:  $11,883 per ton 


­ 75% control and 75% utilization:  $16,590 per ton 


­ 75% control and future forecast of high-end utilization (42.5%): $28,562 per ton 
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Table 2.  Rolls Royce Avon Turbine (Unit 12B) SCR NOx Control Cost Effectiveness (100% utilization case).  


 


NOx Control Cost Effectiveness Estimate


Engine Manufacturer Cooper-Rolls


Model No. Avon


Unit ID 12B


Fuel Used Natural Gas Color Legend


Emissions  Control SCR User Data / Information Input Cell


Combustion Control Purpose NOx "Cumulative" Cost Cell for Primary Categories


Target Reduction 75% Cost Effectiveness ($ / ton)


1 Engine Design Conditions Comments


Power Output 14300 (hp) Rated HP


Engine Exhaust Temperature (F) optional input


Engine Exhaust Rate (lb/hr) optional input


Gas Volume (dscfm) optional input


2 Full Load Engine Exhaust Composition: Comments


Oxygen (O2) (vol. %) optional input


Carbon Dioxide (CO2) (vol. %) optional input


Water (H2O) (vol. %) optional input


Oxides of Nitrogen (NOx) (ppmvd) optional input


Nitrogen (N2) (vol. %) optional input


NOx 23.1 lb/hr 0.170 (lb/MMBtu) NOx emissions from test Data: 173.9 lb/MMSCF ~0.170 lb/MMBtu


3 Engine Parameters Comments


Total Operating Hours per Season 8760 (hrs) 100.0% utilization


4 Final Exhaust Gas Composition Comments


Oxides of Nitrogen (NOx) 5.8 lb/hr 0.043 (lb/MMBtu) Assume 75% reduction


5 Economic Parameters Comments


Source of Cost Data see Analysis Analysis primarily relying on EPA Cost Manual


Direct Costs Cost Formula Comments


Combustion Control Equipment and Auxiliary 


Equipment
$3,000,000


(A)


Instrumentation $300,000 (0.1*A)


Sales Taxes $0 (0.03*(A+instrumentation)) No Oregon sales tax


Freight $185,000 (0.05*A) Updated per freight estimate in AeriNox proposal


Purchased Equipment Cost (PEC) $3,485,000 PEC


6 Direct Installation Costs Cost Formula Comments


Foundations and Supports $278,800 (0.08*PEC) Calculated Cost using EPA Control Cost Manual


Handling and Erection $487,900 (0.14*PEC) Calculated Cost using EPA Control Cost Manual


Electrical $139,400 (0.04*PEC) Calculated Cost using EPA Control Cost Manual


Piping $69,700 (0.02*PEC) Calculated Cost using EPA Control Cost Manual


Insulation for ductwork $34,850 (0.01*PEC) Calculated Cost using EPA Control Cost Manual


Painting $34,850 (0.01*PEC) Calculated Cost using EPA Control Cost Manual


Site Preparation $0 SP Cost included with next row


Buildings $1,035,000 Bldg Quote for major reconstruction to accommodate retrofit


Total Installation Cost (TIC) $2,080,500


Total Direct Costs (PEC+TIC) $5,565,500


Updated per AeriNox proposal for SCR system hardware costs 


($3,300,000); tempering air needed to ensure exhaust temperature <900F
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Table 2 (continued).  


  


 


7 Indirect Costs Cost Formula Comments


Engineering $348,500 (0.10*PEC) Calculated Cost using EPA Control Cost Manual


Construction and field expenses $174,250 (0.05*PEC) Calculated Cost using EPA Control Cost Manual


Contractor fees $348,500 (0.10*PEC) Calculated Cost using EPA Control Cost Manual


Start-up $69,700 (0.02*PEC) Calculated Cost using EPA Control Cost Manual


Performance test $34,850 (0.01*PEC) Calculated Cost using EPA Control Cost Manual


Contingencies $104,550 (0.03*PEC) Calculated Cost using EPA Control Cost Manual


Total Indirect Costs (IC) $1,080,350 (0.31*PEC)


8 Capital Cost Summary Comments


Total Direct Capital Costs (DC) $5,565,500


Total Indirect Capital Costs (IC) $1,080,350


Total Capital Investment (TCI) $6,645,850


`


9 Direct Annual Costs Cost Formula Comments


Operator Labor $26,000 nominal cost 5 hours per week (1 hr x 5 days); job category labor rate


Supervisor Labor $3,900 15% of operator


Operating Materials - ammonia $70,825 materials estimates:7.7 gals aqueous NH3/hr at cost of $1.05 / gallon


Maintenance - Labor $26,000 nominal cost 5 hours per week (1 hr x 5 days); job category labor rate


Maintenance - Materials $8,000 nominal cost Updated per AeriNOx quote for annual service parts


Catalyst maintenance / replacement $150,000 Engineering Estimate (5% of Cap Cost)


Testing and QA/QC $20,000 Engineering estimate - Annual test; reagent controller QA


Electricity $2,500 Estimate based on analysis in PA DEP TSD


Total Direct Annual Costs $307,225


10 Indirect Annual Costs Cost Formula Capital Recovery Factor Comments


Overhead $38,340 (0.6*(OL+SL+ML+MM))


Administrative Charges $132,917 (0.02*TCI) Engine ACT Document


Property Taxes $66,459 (0.01*TCI) Engine ACT Document


Insurance $66,459 (0.01*TCI) CRF


Capital Recovery $350,236 CRF[TCI] 0.0527   Factor for costs annualized over 30 years at 3.25% interest.


Total Indirect Annual Costs $654,410 CRF = i * (1+i) n̂ / [(1+i) n̂ - 1] (i expressed as a decimal - e.g., 10% = 0.1)


11 Summary Comments


Total Direct Annual Operating Costs $307,225


Total Indirect Annual Operating Costs $654,410


Total Annual Costs $961,635 $67 $ per hp


Incremental Annual Costs Over Baseline $961,635


12 Annual Emissions Reduction Over Baseline Comments


Oxides of Nitrogen (NOx) 75.87 (Tons)


Cost Effectiveness ($/Ton) Comments


Oxides of Nitrogen (NOx) - $ per ton $12,676  PSEL basis: significantly over-estimates utilization






SCR - Unit 12B

				NOx Control Cost Effectiveness Estimate



				Engine Manufacturer		Cooper-Rolls

				Model No.		Avon

				Unit ID		12B

				Fuel Used		Natural Gas								Color Legend

				Emissions  Control		SCR								User Data / Information Input Cell

				Combustion Control Purpose		NOx								"Cumulative" Cost Cell for Primary Categories

				Target Reduction		75%								Cost Effectiveness ($ / ton)



		1		Engine Design Conditions										Comments

				Power Output		14300		(hp)						Rated HP

				Engine Exhaust Temperature				(F)						optional input

				Engine Exhaust Rate				(lb/hr)						optional input

				Gas Volume				(dscfm)						optional input



		2		Full Load Engine Exhaust Composition:										Comments

				Oxygen (O2)				(vol. %)						optional input

				Carbon Dioxide (CO2)				(vol. %)						optional input

				Water (H2O)				(vol. %)						optional input

				Oxides of Nitrogen (NOx)				(ppmvd)						optional input

				Nitrogen (N2)				(vol. %)						optional input

				NOx		23.1		lb/hr		0.170		(lb/MMBtu)		NOx emissions from test Data: 173.9 lb/MMSCF ~0.170 lb/MMBtu



		3		Engine Parameters										Comments

				Total Operating Hours per Season		8760		(hrs)		100.0%		utilization



		4		Control										Comments

				Combustion Control Types		LEC								optional input

				Control Vendor Name										optional input

				Fuel Gas Input Pressure				(psi)						optional input

				Cylinder Ignition Type										optional input

				Air/Fuel Ratio Controller										optional input

				Other Combustion Control										optional input

				Guaranteed Combustion Control Life				(yrs)						optional input

				NOx Control Efficiency				(%)						optional input



		4		Final Exhaust Gas Composition										Comments

				Oxides of Nitrogen (NOx)		5.8		lb/hr		0.043		(lb/MMBtu)		Assume 75% reduction



		5		Economic Parameters										Comments

				Source of Cost Data		see Analysis								Analysis primarily relying on EPA Cost Manual



				Direct Costs				Cost Formula						Comments

				Combustion Control Equipment and Auxiliary Equipment		$3,000,000		(A)						Updated per AeriNox proposal for SCR system hardware costs ($3,300,000); tempering air needed to ensure exhaust temperature <900F

				Instrumentation		$300,000		(0.1*A)

				Sales Taxes		$0		(0.03*(A+instrumentation))						No Oregon sales tax

				Freight 		$185,000		(0.05*A)						Updated per freight estimate in AeriNox proposal

				Purchased Equipment Cost (PEC)		$3,485,000		PEC



		6		Direct Installation Costs				Cost Formula						Comments

				Foundations and Supports		$278,800		(0.08*PEC)						Calculated Cost using EPA Control Cost Manual

				Handling and Erection		$487,900		(0.14*PEC)						Calculated Cost using EPA Control Cost Manual

				Electrical		$139,400		(0.04*PEC)						Calculated Cost using EPA Control Cost Manual

				Piping		$69,700		(0.02*PEC)						Calculated Cost using EPA Control Cost Manual

				Insulation for ductwork		$34,850		(0.01*PEC)						Calculated Cost using EPA Control Cost Manual

				Painting		$34,850		(0.01*PEC)						Calculated Cost using EPA Control Cost Manual

				Site Preparation		$0		SP						Cost included with next row

				Buildings		$1,035,000		Bldg						Quote for major reconstruction to accommodate retrofit

				Total Installation Cost (TIC)		$2,080,500



				Total Direct Costs (PEC+TIC)		$5,565,500



		7		Indirect Costs				Cost Formula						Comments

				Engineering		$348,500		(0.10*PEC)						Calculated Cost using EPA Control Cost Manual

				Construction and field expenses		$174,250		(0.05*PEC)						Calculated Cost using EPA Control Cost Manual

				Contractor fees		$348,500		(0.10*PEC)						Calculated Cost using EPA Control Cost Manual

				Start-up		$69,700		(0.02*PEC)						Calculated Cost using EPA Control Cost Manual

				Performance test		$34,850		(0.01*PEC)						Calculated Cost using EPA Control Cost Manual

				Contingencies		$104,550		(0.03*PEC)						Calculated Cost using EPA Control Cost Manual

				Total Indirect Costs (IC)		$1,080,350		(0.31*PEC)



		8		Capital Cost Summary										Comments

				Total Direct Capital Costs (DC)		$5,565,500

				Total Indirect Capital Costs (IC)		$1,080,350

				Total Capital Investment (TCI)		$6,645,850

														`

		9		Direct Annual Costs				Cost Formula						Comments

				Operator Labor		$26,000		nominal cost						5 hours per week (1 hr x 5 days); job category labor rate

				Supervisor Labor		$3,900								15% of operator

				Operating Materials - ammonia		$70,825								materials estimates:7.7 gals aqueous NH3/hr at cost of $1.05 / gallon

				Maintenance - Labor		$26,000		nominal cost						5 hours per week (1 hr x 5 days); job category labor rate

				Maintenance - Materials		$8,000		nominal cost						Updated per AeriNOx quote for annual service parts

				Catalyst maintenance / replacement		$150,000								Engineering Estimate (5% of Cap Cost)

				Testing and QA/QC		$20,000								Engineering estimate - Annual test; reagent controller QA

				Electricity		$2,500								Estimate based on analysis in PA DEP TSD

				Total Direct Annual Costs		$307,225



		10		Indirect Annual Costs				Cost Formula				Capital Recovery Factor		Comments

				Overhead		$38,340		(0.6*(OL+SL+ML+MM))

				Administrative Charges		$132,917		(0.02*TCI)						Engine ACT Document

				Property Taxes		$66,459		(0.01*TCI)						Engine ACT Document

				Insurance		$66,459		(0.01*TCI)				CRF

				Capital Recovery		$350,236		CRF[TCI]				0.0527		  Factor for costs annualized over 30 years at 3.25% interest.

				Total Indirect Annual Costs		$654,410								CRF = i * (1+i)^n / [(1+i)^n - 1] (i expressed as a decimal - e.g., 10% = 0.1)



		11		Summary										Comments

				Total Direct Annual Operating Costs		$307,225

				Total Indirect Annual Operating Costs		$654,410

				Total Annual Costs		$961,635				$67		$ per hp

				Incremental Annual Costs Over Baseline		$961,635



		12		Annual Emissions Reduction Over Baseline										Comments

				Oxides of Nitrogen (NOx)		75.87		(Tons)



				Cost Effectiveness ($/Ton)										Comments

				Oxides of Nitrogen (NOx) - $ per ton		$12,676		 						PSEL basis: significantly over-estimates utilization



						$55,295		at 2017-2019 average utilization (21.6%)

						$28,562		at 2028 projected utilization (42.5%)

						$10,563		at 90% reduction

						$16,590		at 75% reduction, 75% use

						$11,883		at 80% reduction

						$11,184		at 85% reduction



&F
&A	







 


 


 


 


 


 


 


 


 


 


This quote expires in thirty (30) days if no notification of acceptance is given. 


 


Matt Davis 
PNW Account Manager 


Airgas Specialty Products 


(360) 635-8755 


airgasspecialtyproducts.com     


matt.davis@airgas.com  


 
 


March 11, 2021 


 


Niki Craig-Lunde  desk-832-320-5751 


Lead Procurement Specialist 


US Projects Supply Chain  


niki_craig-lunde@tcenergy.com  


TC Energy, 700 Louisiana St., Houston, TX 77002 


 


Dear Niki, 


 


In response to your request, Airgas Specialty Products is pleased to submit the following quote 


for 8000 gallons of 19% Aqua Ammonia delivered to your customer in Sunriver, OR.  


 


GRADE:     19% Aqua Ammonia 


CURRENT PRICE:              $0.13/solution pound – 7.74 lbs. in 1 gallon of 19% 


                                                            7.74 x $0.13 = $1.0062 a gallon x 8000 = $8,049.60 


HAZMAT CHARGE:  $45.00  


FUEL SURCHARGE:  Approx. 212 miles one-way (monthly fuel surcharge rate) 


TERMS:     Net cash 30 days 


      


 


Value Added: 
In addition to supplying Ammonia products, Airgas is very proud of the services we provide:  


Starting with Safe Deliveries as well as Safety Training, Technical Support and Emergency 


Response capabilities in case of an Ammonia problem.  We have Hazwoper trained, certified 


and a knowledgeable Field Service Department capable of handling Ammonia problems and 


repairs on-site.  


 


 We appreciate the opportunity to quote on your Aqua Ammonia requirements. To accept 


this quote, please return to me either a signed copy of this quote including delivery information, or a 


purchase order.  


 
 


 


 Approval Signature  Date   Purchase Order # 


 


 


Sincerely, 


 


 


Matt Davis  (360) 635-8755  matt.davis@airgas.com  



mailto:matt.davis@airgas.com

mailto:niki_craig-lunde@tcenergy.com

mailto:matt.davis@airgas.com
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March 8, 2021


TO: Swetha Puvvada
TC Energy
9102C, 700 Louisiana Street
Houston, TX 77002
Ph: 907-227-5569
Email: swetha_puvvada@tcenergy.com


Subject: GTN – Unit 12B (Avon Mk1533) Turbine Exhaust Emissions System


Dear Ms. Puvvada,


We are pleased to submit this budgetary proposal for an exhaust emissions system for an Avon / Rolls-
Royce Mk1533 turbine located in Bend, OR. The AeriNOx™ Hardware offered for this project are based
on data provided by TC Energy. The enclosed proposal details the price, scope of supply, warranty, and
terms and conditions.


1.  EXHAUST GAS DATA


Unit Data:


Parameter = 100% Load Unit Mk 1533*


Fuel - CQNG


Turbine Power Bhp 19,580


Exhaust Gas Flow Rate (actual, wet) lb/hr 168


Exhaust Gas Moisture Content (actual, wet) Vol. % 6**


Oxygen Content (actual, wet) Vol. % 15-17


Exhaust Temperature (Inlet to the catalyst) oF 790-900***


*   From Manufacturer data sheet
** Estimated by AeriNOx – to be confirmed later
***Maximum Temperature at SCR Inlet is 900F


Emission Control System Design Parameters:


Parameter Unit Mk 1533


Fuel CQNG


Urea Solution 0r Aqueous NH3 % 32.5% - Urea
19% - NH3


Reagent Solution Consumption Rate (at 100%
engine load) approximately per unit gph 6.7 – 32.5% Urea


7.7 – 19% NH3


Total System Backpressure Contribution (SCR/OXI) inH2O <10.0


Air Consumption, per engine (per ISO 1.3.4)
Based on 87 psi nominal, max 160 psi scfm 15
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EMISSIONS REDUCTION & WARRANTY


@100% load


Constituent Current Engine
Out


Required Stack
Out*


NOx as NO2** 23.1 lb/hr 2.3 lb/hr


Ammonia Slip (@15% O2) -- 10


* based on 1 hour averaging with the turbine operating at 100% load
**Maximum 20% volume of NOx is present as NO2


AeriNOx guarantees the reduction in raw NOx emissions for a period of 24,000 hours of operation or 36
months after the plant’s emissions performance test or 42 months after delivery, whichever comes first.


The mechanical warranty is 12 months after commissioning or 18 months after delivery, whichever comes
first. This guarantee is subject certain maintenance practices and engine operating conditions, as defined
in the Terms & Conditions.


2. SCOPE OF SUPPLY


A. SCR System (Per Unit)
Includes the following major hardware:


 Engineering drawing and Operation and Maintenance Manual
 1 Exhaust Ducting


o Ammonia Injection Grid
o SCR Elements
o Cold-wall ducting (SS-Liner, CS-Shell) with maintenance platforms at test ports and


catalyst elements
o Temp and Differential pressure measurement
o Exhaust Silencer (55dBA @600ft) with tailpipe (~50ft tall)
o Inlet expansion joint at turbine outlet to ducting inlet
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Representative Horizontal Elevation Layout
(Approximate ~90ft L x 50ft Stack Height, 16ft x 16ft internal cross-section at SCR elements)
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Representative Horizontal Elevation Layout
(Approximate: 70-80ft Stack Height, 16ft x 16ft internal cross-section at SCR elements)
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 1 x Recycle Gas Skid / Reagent Control
o Approximate 10ft W x 10ft D x 7ft H


 1 x Tempering Air System (Part of upper end pricing, may not be needed, requires
additional site evaluation to determine if required)


o Approximate 20ft W x 12ft D x 10ft H
 1 x SCR Control Panel (480VAC/3Ph/30kW)


o NO/O2 analyzer for feedback (closed loop) control
o Approximate 84in H x 48in W x 30in D
o Designed for indoor installation


 1 x Reagent Flow Control Dosing Panel
o Approximate 30in W x 30in H x 12in D
o Mounted on Recycle Gas Skid


 1 x Duplex Pump Station (2 x 100% pump)
o Approximate 60in W x 24in D x 33in H


 1 x 8,000 USG Horizontal Reagent Tank
o Pressure, temperature, level transmitters
o Ladder and Platform for access to transmitters
o Local monitoring panel
o Approximate Tank Size: 96in D x 232in L


 Commissioning Support (Estimated at 12 days)


Schematic of the proposed AeriNOx™ Emission Control System
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3.  PRICE


The given prices (shown below) for the hardware are net prices, FCA Point of Manufacture according to
Incoterms 2010.  All prices are in US dollars. Does not include shipping, duties, fees or taxes.  Payment
terms are net 30.


ITEM DESCRIPTION PRICE ($)


A EMISSIONS HARDWARE (PER UNIT)


Construction Supervision (Estimated at 60 working days)


$2,400,000 – $3,300,000


$125,000


B ESTIMATED SHIPPING (PER UNIT) $185,000


C SCR ELEMENT REPLACEMENT (PER UNIT)


Labor, shipping, disposal not included


$165,000 – $265,000


D ESTIMATED ANNUAL SCR MAINTENANCE (PER UNIT)


Includes Estimated Service Parts Only.  Does not include labor for
maintenance or SCR element replacement.


$8,000


Based on the following payment milestone schedule:
 30% upon award of PO/Contract
 15% upon issue of engineering drawings
 50% upon Ready to Ship
 5% upon completion of commissioning and Final Document Submittal


4.  SCHEDULING & DELIVERY


Delivery of the drawings and technical documents is approximately 16-20 weeks for release of preliminary
engineering design after receipt of a purchase order. Ready for shipment of the hardware is
approximately 30 weeks after approval of all technical details. Total time is estimated at 58 weeks
including 8 weeks for customer review and approval (shipping time not included).


5.  QUALITY STANDARD


All drawings will be in both metric and English units, where feasible.  We reserve the right to adapt the
technical design of the hardware based on the results of the final engineering work, provided this does
not impact the affect the performance characteristics and is approved by the customer before production
begins.
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6. ASSUMPTIONS AND EXCEPTIONS:
Not included in the scope of supply:
 Structural and civil hardware/work necessary to complete the installation
 Thermal insulation of the hardware, piping, etc
 Systems integration (design and engineering) with the building structure
 Installation of all hardware provided herein
 Run signal (24VDC, Discrete)
 Unit Fuel Flow (4-20mA, Analog)
 Internet connection for remote SCR PLC access and data logging
 Ethernet connection for service requirements
 Heat tracing of reagent tank and/or ammonia lines
 Air Compressor


Assumptions:
 SCR Controls, RGS, TAS, Dosing Panel will be suitable for Class 1, Division 2 Locations.  SCR Panel


and Dosing panel will include Z-Type purge
 CEMS is available as optional hardware.  Option will remove analyzers from the base scope.


Should you have any questions or comments, please do not hesitate to contact me.


Sincerely,


Loran Novacek
Chief Executive Officer


AeriNOx Inc.
100 S. Cherry Avenue, Suite 68
Eaton, CO 80615
Office:  970-454-5639
Cell:  970-443-3868
Email: lnovacek@aerinox-inc.com
Web: www.aerinox-inc.com







BUDGETARY PROPOSAL #:  PN21034 Rev0
Page 8 of 11


AeriNOx Inc.         PO Box 490 Eaton, Colorado 80615         tel: 970-454-5639 www.AeriNOx-Inc.com


STANDARD TERMS AND CONDITIONS OF SALE
(Effective November 2017)


1. Application. These Standard Terms and Conditions apply to any sale of equipment, parts, materials and related services (the “Products”) by
AeriNOx Inc. (“AeriNOx”) to any AeriNOx Customer (the “Customer”).  Acceptance of these Standard Terms and Conditions by an AeriNOx
Customer is an express condition of any such sale.


2. Entire Agreement.  These Standard Terms and Conditions, the Order Confirmation (the “AeriNOx Order Confirmation”) issued by AeriNOx
in respect of each sale and supply of Products and any other document expressly incorporated by reference in a AeriNOx Order Confirmation
(collectively, the “Agreement”) constitute the entire agreement between AeriNOx and the Customer regarding a sale of Products or related
services by AeriNOx to the Customer.  These Standard Terms and Conditions supersede all other discussions, proposals, quotes, negotiations,
statements, representations, understandings and the like, whether written or oral. AeriNOx rejects any differing or supplemental terms that
may be printed or otherwise found in any purchase order or other document sent by the Customer prior to the acceptance of Agreement, except
as expressly accepted by AeriNOx in writing with the signature of an authorized representative.  If there are inconsistencies in the documents
constituting the Agreement, such documents shall take precedence in the following order:


i. the AeriNOx Order Confirmation;
ii. a contract document or addendum incorporated by reference into the AeriNOx Order Confirmation; and
iii. these Standard Terms and Conditions.


3. Terms of Payment. Unless otherwise agreed by AeriNOx in writing, signed by an agent of AeriNOx, AeriNOx invoices for the Customer’s
purchase of Products are payable within thirty (30) days of the date of the invoice with place of payment to be PO Box 490, Eaton, Colorado
80308 or as designated in the AeriNOx Agreement.  Should payment not be made to AeriNOx when due, such payment shall bear an interest
at the rate of one and one-half percent (1½%) per month (18% per annum).  The charging of such interest shall not be construed as obligating
AeriNOx to grant any extension of time in the terms of payment.  No cash discount shall be available to the Customer.  If prior to any delivery
of Products, AeriNOx has concern regarding timely payment of the purchase price because of a material adverse change in Customer’s
circumstances or otherwise, AeriNOx may require payment of all or additional parts of the purchase price before shipment or delivery and/or
AeriNOx may require satisfactory security for the payment of the purchase price.


4. Cancellation of Contract before Delivery. In the event the Customer cancels the Agreement after the date such Agreement is accepted,
Customer agrees to pay the following charge as liquidated damages in lieu of actual damages, it being understood and agreed between the
parties that actual damages to AeriNOx would be impractical or extremely difficult, time consuming and expensive to ascertain.  It is as follows:


% of Time Elapsed From Date of Agreement to
Time of Cancellation (calendar days)


% of Sales Price Due
(Not including Shipping Costs)


0 ≤ % Time Elapsed < 33 1/3% 50%


33 1/3 ≤ % Time Elapsed < 50% 75%


50 ≤ % Time Elapsed < 66 2/3% 85%


66 2/3 ≤ % Time Elapsed < 80% 95%


80% ≤ % Time Elapsed ≤ 100% 100%


5. Delivery Terms. Each Product subject to sale shall be shipped in accordance with the International Commercial Trade Terms known as
IncoTerms 2010 specified in the AeriNOx Agreement.  If shipping instructions are not so specified for any supply of Products, such supply
shall be shipped ex works (IncoTerms 2010).  Ex works deliveries of the shipped Products are deemed complete upon release of the Products
to the Customer’s carrier at AeriNOx’ facilities (the “AeriNOx Plant”) located in Eaton, Colorado, United States of America; or one of
AeriNOx’s partner facilities located in Canada, Germany or elsewhere.  If the Customer is unable or unwilling to accept physical delivery at
the time specified for delivery, AeriNOx may store Customer’s Products at Customer's cost and the delivery of such Products shall be deemed
complete as of the date of storage.


6. Taxes. Unless otherwise expressly provided for in an AeriNOx Agreement, or otherwise implicit in the IncoTerms 2010 specified for a
particular supply, the price of the Products shall not include sales, use, excise, value added or any similar taxes, duties or other export/import
charges.


7. Delivery Schedule. Time for delivery is approximate and starts on the later of the date specified in the AeriNOx Agreement or the receipt
by AeriNOx of any advance payment or first payment as set forth in the AeriNOx Agreement.  Should Customer not make an advance payment
or first payment as set forth in the AeriNOx Agreement, AeriNOx may request from the Customer credit approval or placement of security
for the balance of the purchase price.  Unless otherwise specified in an AeriNOx Agreement, AeriNOx shall not be liable for losses of any
kind incurred by the Customer for delays in or failure to deliver all or any part of the Products.  Changes in the delivery schedules requested
by the Customer must be in writing and received by AeriNOx at least two (2) business days prior to the previously scheduled delivery date.
AeriNOx is under no obligation to accept any changes in delivery dates requested by the Customer.


8. Title Retention. Title or ownership of the Products shall not pass to the Customer, notwithstanding delivery thereof, but shall remain vested
in AeriNOx until the purchase price of the Products is paid in full.  As security for the full payment of the purchase price of the Products, the
Customer hereby grants to AeriNOx, and AeriNOx hereby reserves, a purchase money security interest and charge in the Products and in all
substitutions, replacements and additions thereto and the proceeds thereof.  Until such time of full payment, the Customer shall: (a) insure the
Products against loss, damage or destruction for full replacement value; and (b) execute such additional documents as AeriNOx shall request
for the confirmation or perfection of such security interest and charge.  Upon any default by the Customer, and subject to applicable law,
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AeriNOx may repossess and deal with the Products as it shall see fit and retain all payments which have been made by the Customer for the
account of the purchase price as liquidated damages.  Upon any such realization of security, the Customer shall remain liable for any deficiency
in the purchase price and shall reimburse AeriNOx for all costs and expenses, including reasonable legal fees, incurred in enforcing its rights.
All rights and remedies of AeriNOx are cumulative and in addition to those available at law or in equity.


9. AeriNOx Property. All supplies, materials, tools, jigs, dies, gauges, fixtures, molds, patterns, equipment and other items procured by
AeriNOx to perform the supply of Products under its Agreement with Customer shall be and shall remain the property of AeriNOx under all
circumstances, including, without limitation, reimbursement of AeriNOx by the Customer for all or any portion of the cost of such items.


10. Risk of Loss. Unless otherwise specified or confirmed in the AeriNOx Agreement, the risk of loss or damage to the Products, including any
repaired or replaced items, and the responsibility for the payment of insurance premiums and freight passes to the Customer upon AeriNOx’s
delivery as provided in Sections 5 and 7 above.  No loss of or damage to the Products or any part or portion thereof shall relieve the Customer
from its obligations for payment hereunder.


11. Inspection, Rejection, Remedy. Customer shall have the right to reasonable inspection of the Product after delivery to destination, which
inspection shall be completed within ten (10) days of the date of delivery to destination.  Any rejection by Customer as to part or all of the
Product shall be in writing, specifically stating the damage or design non-conformance.  In such event, AeriNOx shall have a reasonable
period of time to determine the validity of and, if necessary, to repair any damage to a Product or correct a design non-conformance of a
Product.  Should a design non-conformance form the basis of the Customer’s rejection, at AeriNOx’s option and if appropriate, it may replace
part or all of the Product.  Upon validating damage to a Product or a design non-conformance, AeriNOx shall provide Customer with a date
certain for completion of repair or replacement or provision of a design conforming item.


Subsequent to installation and commissioning and within the Product warranty period, should the Product delivered be found not to meet
functional specifications set forth in the AeriNOx Agreement for measured emissions, AeriNOx shall provide a date certain for bringing the
Product into functional conformance per the AeriNOx Agreement. The time period to do so shall not exceed sixteen (16) weeks from the date
of discovery of failure to meet functional specifications.  The time period within which to correct such a functional non-conformance shall
commence at the later of the commissioning date or the date that the emissions non-conformance was discovered.


Customer’s failure to make rejection as herein stated, or to allow AeriNOx to cure Customer’s objections, shall be deemed to conclusively
establish acceptance by Customer of the Product.


12. Limited Warranties. AeriNOx warrants that each Product is free of defects in material and workmanship strictly in accordance with the
terms and conditions of the limited warranty statement specified or confirmed in the AeriNOx Agreement.  Copies of Product Warranties are
available from AeriNOx upon request. Throughout the Warranty Period, AeriNOx warrants that the Product will achieve the emissions levels
set forth in the accepted AeriNOx Agreement, subject to the following conditions:


a) the Product is operated and maintained at all times in accordance with AeriNOx’s written instructions;
b) the Customer’s equipment is operated and maintained at all times in accordance with all manufacturer’s instructions and guidelines;
c) the Customer’s equipment, during operation, never exceeds the engine-out emissions rate, the flow rate or temperature levels set


forth in the AeriNOx Agreement;
d) the Customer’s equipment never falls below the lower temperature limits stated in the AeriNOx Agreement;
e) the Customer operates the equipment so as to eliminate any Oxides of Nitrogen (NOx), Carbon Monoxide (CO) and Total


Hydrocarbons (THC) fluctuations greater than one (1%) respectively of the engine-out emissions stated in the engine performance
data; and


f) all operating parameters including engine load, fuel consumption, and hours of operation are recorded and/or logged hourly
(excluding exhaust gas flow rates, engine-out emissions data and post-after treatment emissions data).


Emissions levels, temperature and flow rates from Customer’s equipment and the Product discharge point shall be tested at the Customer’s
expense, in accordance with a mutually agreed upon test procedures and protocol consistent with customary and accepted industry practices.
AeriNOx’s limited warranty shall expire in the event the Product is misused, neglected, not properly maintained or operated other than for its
intended use or purpose by the Customer.


If the above conditions are met and the Product fails to achieve the output performance stated in the AeriNOx Agreement within the Warranty
Period, AeriNOx shall replace or modify and adjust its Product as needed to meet such output performance standards.  Consistent with Section
11 above, Customer is required to notify AeriNOx, in writing, of any specific defect(s) and provide AeriNOx with complete documentation
of the defect(s) and proof of satisfaction of all conditions, a) through f), of this Section 12.  If AeriNOx is unable to achieve the output
performance standards under the AeriNOx Agreement conditions, Customer may rescind the sale, and AeriNOx shall return the purchase
price that shall be Customer’s sole remedy for breach of the warranty made in this paragraph. In no event shall AeriNOx be responsible for
consequential or punitive damages or otherwise.


13. NO OTHER WARRANTIES EXPRESS OR IMPLIED. THE LIMITED PRODUCT WARRANTIES REFERRED TO IN SECTION 12
ABOVE ARE EXCLUSIVE AND IN LIEU OF ALL OTHER EXPRESS OR IMPLIED WARRANTIES OR CONDITIONS IN RESPECT
OF THE PRODUCTS, INCLUDING, WITHOUT LIMITATION, ALL IMPLIED WARRANTIES OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE.  THE REMEDIES PROVIDED IN THE APPLICABLE PRODUCT WARRANTY ARE THE
CUSTOMER’S SOLE REMEDIES FOR ANY FAILURE OF AERINOX TO COMPLY WITH ITS WARRANTY OBLIGATIONS.
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14. LIMITATION OF LIABILITY. THE TOTAL CUMULATIVE LIABILITY OF AERINOX TO THE CUSTOMER FOR ALL
LIABILITIES OF ANY KIND, WHETHER BASED ON TORT, NEGLIGENCE, CONTRACT, WARRANTY, STRICT LIABILITY OR
OTHERWISE, ARISING FROM OR RELATING TO THE AERINOX AGREEMENT SHALL NOT BE GREATER THAN THE
AGGREGATE PURCHASE PRICE OF THE PRODUCTS SUPPLIED BY AERINOX UNDER SUCH AGREEMENT.


15. Consequential Damages. AeriNOx shall not be liable for and shall be held harmless by the Customer from any damage, loss, claim or
expense, including without limitation indirect, special, consequential, incidental or punitive damages in relation to loss of use of facilities or
equipment, loss of production, revenue or profits, downtime costs, or costs of capital or of substitute equipment or services arising directly or
indirectly from the Products or the sale thereof, including without limitation the manufacture, handling, use, installation, operation or
dismantling of the Products, whether alleged in contract, negligence or otherwise.


16. Re-sale of Products. In respect of any re-sale of the Products or sale of any Customer product which incorporates a Product as a component,
the Customer shall indemnify, defend and hold AeriNOx harmless against any and all claims, actions, liabilities and expenses (including all
legal fees, on a substantial indemnity basis) arising from a representation or warranty to a third party for the Products made by the Customer
other than, as limited by the Product Warranties, or arising from an allegation of process patent infringement relating to a Customer process
in which the Products are used as a component part.


17. Survival. All payment obligations, provisions for the limitation of or protection against liability of AeriNOx and any other provision of an
Agreement which by its nature is continuing, shall survive the termination, cancellation or expiration of such Agreement.


18. Permits. The Customer shall obtain, at its expense, all licenses, permits and approvals for the purchase, delivery, shipment, installation and
use of any Products.


19. Force Majeure. AeriNOx shall be excused from the timely performance of its obligations in the sale or other supply of Products and/or
services if its performance is impeded or prevented by circumstances beyond its control (other than its own financial difficulties) (a “Force
Majeure Event”) and AeriNOx shall take all reasonable steps or actions to mitigate the effect of the delay.  This provision shall specifically
apply to Section 7 above.  Upon the occurrence and the termination of a Force Majeure Event, AeriNOx shall promptly provide the Customer
with written notice and reasonable particulars of the Force Majeure Event.  Either party may terminate any Agreement affected by a Force
Majeure Event if such circumstances continue for more than six (6) months and written notice of termination is delivered to the non-
terminating party.  Upon and notwithstanding any such termination, the Customer shall pay AeriNOx for that portion of the Products
manufactured or delivered prior to the date of the above mentioned initial notice of the Force Majeure Event.  Notwithstanding anything in
this Section 19, the Customer shall extend any security granted for the payment of the purchase price of Products for a period equal to the
delay caused by the Force Majeure Event.


20. Governing Law. The sale of the Products and this Agreement are and shall be governed by the laws of the State of Colorado and the laws
of the United States of America as applicable therein.  Each of the parties irrevocably attorns and agrees to the exclusive jurisdiction of the
Courts of the State of Colorado, provided that the parties shall not be prevented from seeking injunctions or other temporary relief or enforcing
judgments of the Courts of Colorado in another jurisdiction.


21. Confidential Information. Proprietary or confidential information disclosed for supply of any Products may not be used or disclosed by the
recipient, Customer or AeriNOx other than for the express purpose for which it was disclosed.  The owner of such proprietary or confidential
information shall be responsible for designating it as such by clear and timely notice thereof to the recipient at the time of or before its
conveyance to the recipient.


22. Assignment. Neither party may assign all or any part of the AeriNOx Agreement without the prior written consent of the other party.


23. Waiver, Amendment. Any waiver, modification or amendment of an Agreement shall only be effective if such waiver, modification or
amendment is contained in a written instrument prepared or otherwise accepted in writing by AeriNOx and Customer and signed by their
respective authorized agents.


24. Suspension, Cancellation or Termination. Subject to Sections 4, 11 and 19 hereof, no AeriNOx Agreement may be cancelled or suspended
by the Customer without the express written consent of AeriNOx, such consent to be granted in AeriNOx’s sole and unrestricted discretion
and upon such terms, including the payment of all costs incurred and profits foregone, as AeriNOx may require.  Termination may be effected
as set forth in Section 19 by either party.


25. Severability and Reconstruction or Termination. If a binding court determination, ruling or judgment is made that a provision of these
Standard Terms and Conditions or any other document which forms the AeriNOx Agreement is unenforceable (in whole or in part), then such
provision shall be void only to the extent that such determination, ruling or judgment requires, and the parties shall replace such void provision
with one that is enforceable and valid and, to the greatest extent permitted by law, serves the intent and purpose of the void provision.  No
other provision shall be affected as a result thereof, and, accordingly, the remaining provisions shall remain in full force and effect as though
such void, voidable or inoperative provision had not been contained herein.
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PROJECT REFERENCES
Fairbanks Morse Engine
Abbvie North / Abbvie South – Puerto Rico
Project Contact:  Jonathan Hoke
Engines:  2 x MAN 9L-50/60DF Engines


Equipment:  SCR Controls, Exhaust Silencer and 48in
insulated exhaust piping


Peterson Power
Taylor Farms and True Leaf Farms - California
Project Contact:  Mike Short
Units:  2 x Caterpillar G3516H NG Engines


Equipment:  SCR Controls, 100% NH3 dosing, housing,
elements, EGHX, Silencer


Martin Energy
Multiple N.E. and California Based Projects
Project Contact:  Derek Loganbill
Units:  Multiple Siemens NG Engines


Equipment:  SCR Controls, Dosing, Pump Station,
Housing/Elements


Enbridge Energy
Danville, KY
Project Contact:  Bob Amsberry
Units:  2 x GE Frame 3 Turbines


Equipment:  SCR Controls, Enclosure, NH3 Tank,
Unloading Station, Support Structure, Ducting, Silencer,
Tailpipe







Subject: Regional Haze - GTN
Michael,
Attached are the following:

Updated cost for Unit 12B, including differences from last submittal,
Vendor quotes that updated cost are based on and
Memo detailing SCR performance in natural gas turbine applications.

GTN is looking forward to discussing with you on Wednesday.
Thanks,
Mel Holdsworth
US Environment – Compliance
Direct: 832-320-5665

TC ENERGY OFFICES CLOSED - WORKING REMOTELY

700 Louisiana St., Ste. 700
Houston, TX 77002
TCEnergy.com

We respect your right to choose which electronic messages you receive. To stop receiving this and
similar communications from TC Energy please Click here to unsubscribe.

If you are unable to click the request link, please reply to this email and change subject line to
"UNSUBSCRIBE".

This electronic message and any attached documents are intended only for the named addressee(s).
This communication from TC Energy may contain information that is privileged, confidential or otherwise
protected from disclosure and it must not be disclosed, copied, forwarded or distributed without
authorization. If you have received this message in error, please notify the sender immediately and
delete the original message. 

Thank you
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